Membranous nephropathy (MN) is one of the common cause of nephrotic syndrome. The discrimination between primary MN (iMN) and secondary MN is essential because of treatment implications. Immunohistochemical (IHC) evaluation with the help of anti-phospholipase A2 receptor (PLA2R) antibody helps in tissue evaluation of iMN, which is an easy, cost-effective, and pathologist-friendly technique. The study included 82 cases of MN over a period of 3 years. IHC using PLA2R antibody was performed on iMN and secondary cases with adequate tissue. Cases of minimal change disease (MCD) were included as control. Granular staining along the basement membrane in the absence of staining of podocytes was considered positive. Medical records were verified for clinical information, baseline biochemical parameters, details of viral markers, connective tissue disease profile, and basic imaging workup. Of the 82 cases of MN, 51 were iMN and 31 secondary MN (sMN). Thirteen MCD cases were included as control. IHC with PLA2R antibody showed a sensitivity of 91.8% and specificity of 95.1%, positive predictive value of 95.7%, and negative predictive value of 90.7% in the diagnosis of iMN. The other parameters, either clinical or laboratory, did not show significant differences between iMN and sMN groups. The results of PLA2R staining by IHC were comparable with other studies and showed a higher sensitivity (91.8%) and specificity (95.1%). IHC with anti-PLA2R antibody can be considered as the standard diagnostic approach to identify iMN and offer scope for individualized treatment.
Introduction
Membranous nephropathy (MN) is a common cause of adult nephrotic syndrome (NS). The idiopathic/primary MN (iMN) forms the larger proportion of MN in adults. The secondary form has a wide variety of associated conditions ranging from autoimmune diseases to malignancies, drugs, and infections. [1] The difference in clinical features, basic biochemical parameters, and microscopic features between the two groups is nonspecific. Hence, iMN can be diagnosed only after exclusion of all the known secondary causes. Identification of M-type phospholipase A2 receptor (PLA2R1) as the target antigen on podocytes has been a breakthrough in the pathogenesis of iMN. [2] Identification of iMN cases with certainty offers scope for individualized treatment and also limits the necessity for exhaustive workup for identification of secondary causes. There are many reports on serological testing for PLA2R1 antibodies for detection of iMN cases with varying sensitivity and specificity. [2, 3] Serologic diagnosis may not always be feasible and appropriate owing to fluctuations in titers. [4, 5] Tissue expression of PLA2R1 on renal biopsies has been primarily studied by direct and indirect immunofluorescence technique on archival tissue blocks. [6] Hoxha et al. have published the first series of immunohistochemical (IHC) expression of PLA2R1 on renal biopsies. [7] In this study, we have analyzed the PLA2R1 expression on renal biopsies with IHC with respect to its sensitivity and specificity in the diagnosis of iMN.
Materials and Methods
This was a prospective and retrospective study undertaken in the Department of Pathology, Nizam's Institute of Medical Sciences including 82 cases of MN with 13 controls. This included 51 iMN and 31 sMN cases. The study was approved by the Institutional Ethics Committee. A known secondary cause was evaluated with appropriate history and investigations.
Inclusion criteria
Cases diagnosed as iMN and sMN with adequate tissue available for IHC.
Exclusion criteria
• Other glomerulonephritis • Tissue inadequate for IHC.
Cases of minimal change disease (MCD) were taken as control.
The light microscopy (LM) of renal biopsies was reviewed with the help of Hematoxylin and Eosin, periodic acid-Schiff, Masson Trichrome, and silver methenamine. The findings studied on LM were thickening of glomerular basement membrane (GBM), presence/absence of spikes, segmental sclerosis, mesangial hypercellularity, and chronic tubulointerstitial changes including tubular atrophy and interstitial fibrosis presented as % chronicity in the cortical core.
Immunohistochemistry
IHC using PLA2R antibody (HPAO12657, Sigma-Aldrich) was performed with horseradish peroxidase polymer technique and interpreted as follows:
• PLA2R positive = Granular staining along basement membrane alone; absent in podocytes [ Figure 1a and b] • PLA2R negative = Staining present in podocytes;
absent along basement membrane [ Figure 1c ] • PLA2R equivocal = Staining present both along basement membrane as well as in podocytes [ Figure 1d ].
Serum PLA2R levels were not available. Medical records were verified for clinical information and baseline biochemical parameters. Details of viral markers, connective tissue disease profile, and basic imaging workup were available in all the cases.
The details of possible secondary etiologies that could have surfaced after the diagnosis of iMN were also obtained from follow-up data.
Statistical analysis was performed using GraphPad Prism version 6. Demographic and relevant clinical and biochemical parameters are presented as mean ± standard deviation. The utility of PLA2R as a diagnostic marker of iMN was assessed by computing sensitivity, specificity, positive predictive value, and negative predictive value. The difference in various parameters between different groups was computed using unpaired t-tests, and the correlation between parameters was done using Pearson's correlation test/coefficient. P < 0.05 was considered statistically significant.
Results
There are a total of 82 cases of MN with 51 iMN and 31 sMN. Thirteen MCD cases are included as control. Among the secondary cases, systemic lupus erythematosus (SLE) accounted for the majority. The distribution of sMN is given in Chart 1.
The patients were in the age range from 12 to 75 years with a mean of 39.07 years. The majority were in third and fourth decade with five patients below 18 years of age all of which are sMN cases including four SLE and one malaria.
LM and IF features of iMN and sMN are compared in Table 1 .
The IHC positivity for PLA2R in different groups is given in Chart 2. IHC with PLA2R antibody showed sensitivity of 91.8% and specificity of 95.1%, positive predictive value of 95.7%, and negative predictive value of 90.7% in the diagnosis of iMN [Chart 3]. Table 2 gives the statistical analysis of comparison of 24 h proteinuria, serum creatinine at biopsy, and age between iMN, sMN, and control groups. Proteinuria and age were significantly higher in iMN (P = 0.01 and 0.03, respectively). Among PLA2R+ and PLA2R -cases, there was a significant difference in proteinuria with higher 24 h proteinuria in PLA2R+ cases (P = 0.01). Other differences were statistically not significant. Within iMN, there was significantly higher serum creatinine in PLA2R− group. Serum creatinine showed a positive correlation with interstitial fibrosis and tubular atrophy (IFTA) with P = 0.003. Summary of statistical analysis is given in Table 2 .
Discussion
MN is one of the most common causes of NS in adults. About 40%-50% patients can progress to end-stage renal disease if not treated properly. The epidemiologic studies published about MN show variations in the baseline clinical and biochemical parameters worldwide. The demographic data of our study are comparable to other Indian studies in this respect with subtle differences [ Table 3 ].
MN is significantly rare in pediatric population and accounts for 3% of the biopsies done in pediatric patients. [11] Most of the pediatric MN have been found to be secondary. [12] The same was identified in our study where all the pediatric MN (n = 5) were due to known secondary causes and all iMN were seen in adult patients. The presence of associated mesangial hypercellularity has been shown to be more common in sMN. About 25% of the MN can develop secondary focal segmental glomerulosclerosis (FSGS) which further contributes to proteinuria. [13] We observed that 27% of our biopsies of MN showed FSGS at diagnosis. Tubulointerstitial chronicity, vascular sclerosis, and FSGS have been shown to have low creatinine clearance. In our study, the % IFTA showed statistically significant correlation with serum creatinine at biopsy while FSGS did not. Table 4 gives comparison of age and demographic and microscopic features of the present study with that of Larsen et al. [14] PLA2R POSITIVE The beginning of testing for anti-PLA2R antibodies started with estimation in serum. It was proposed that elevation of serum anti-PLA2R antibody could help avoid a percutaneous renal biopsy particularly in cases where it is contraindicated. Anti-PLA2R autoantibodies have been found to be present in >75% of individuals with iMN. [14] Antibodies disappear with remission of disease while recurrence of antibodies indicates relapse. The [8] NA Mean: 43.5 2:1 in primary MN Mean uPCR: 5.5 Das et al. [9] 7 Median: 40 2:1 Median: 3.8 g/day Mannan et al. [10] 13. 
Clinical and demographic features
Primary Secondary Present study (n=51) Larsen et al. [14] (n=85) Present study (n=31) Larsen et al. [ antibodies may not be detectable always due to various reasons such as fluctuations in titers, immunological remission, or administration of immunosupressants. [4, 5] Debiec and Ronco have clearly demonstrated that the absence of circulating PLA2R antibody at the time of kidney biopsy and proteinuria was probably not sufficient to rule out a diagnosis of PLA2R related MN. [15] Diagnosing iMN on renal tissue offers promising scope as the material is available at the same time as the diagnosis of MN. The study by Svobodova et al. [16] was the first one to highlight the utility of testing PLA2R on archival renal biopsies in patients who did not have serum antibody levels at diagnosis. They conclude that PLA2R antigen in biopsy specimens is more sensitive than the serological test alone for the diagnosis of PLA2R-related MN in case of delayed serum sampling. They found that PLA2R on tissue was more useful in distinguishing sMN due to SLE as compared to other secondary causes of MN. None of the lupus cases in their study showed positivity for PLA2R; however, three secondary cases (two of hepatitis B and one sarcoidosis) were positive for PLA2R. Similarly, two of our secondary cases (SLE and Sjogren's) were positive for PLA2R. The similar case has been demonstrated by other studies. PLA2R+ MN has been described in patients with sarcoidosis, hepatitis C, Sjogren's disease, malignancy, hepatitis B virus (HBV), lupus, and hematopoietic stem cell transplant. [3, 14, [16] [17] [18] [19] [20] [21] It could be possible that the association is not relevant between the secondary cause and MN. Follow-up studies would perhaps give better insight if the MN resolves with treatment of underlying cause. We do not have follow-up details in our two patients of sMN showing positive PLA2R. Qin et al. [3] have shown that proteinuria did not normalize in HBV positive patients after antiviral therapy. One of the studies also mentions that occurrence of malignancy is higher in PLA2R-negative patients. [22] Studies on testing PLA2R in renal tissue using IF are also very few in the Indian context [8, 23] with results similar to that of western studies. The sensitivity of PLA2R has been shown to be higher on tissue sections as compared to serum. Debiec et al. have reported sensitivities of the serum and biopsy tests to be 57% and 74%, respectively. Hofstra and Wetzels [22] have beautifully analyzed the sensitivity of PLA2R by IF and Western blot studies and found that it ranges from 52% to 78% in various studies published in literature. Tissue testing is generally more sensitive than serologic testing. [15, 16, 24] A study by Hoxha et al. [7] was the first elaborate expression of PLA2R IHC on renal biopsies. They found a sensitivity of 82% in diagnosis of iMN. We have observed higher sensitivity and specificity in comparison to literature. Although an attempt was made to rule out the secondary causes of MN in our patients, a longer follow-up is perhaps necessary to look for a late occurrence of a possible secondary etiology. There are no studies published yet on IHC using antibodies to PLA2R on renal tissue in India.
The majority of the tissue based studies about PLA2R are direct immunofluorescence assays performed on paraffin blocks. However, these studies have shown to be technically cumbersome with requirement of specialized equipment like a confocal microscope. Assandri et al. in their review on PLA2R have mentioned the limitations of IF studies for PLA2R including difficulties in standardization and interpretative errors. [6] In comparison, IHC is more pathologist-friendly technique which is widely available across the globe in majority of the laboratories. Hence, studies of PLA2R can be made easily available by carrying out IHC on tissues also on archival blocks.
Almost all the studies done on PLA2R on serum or tissue have shown that there is no significant difference in laboratory parameters in PLA2R positive versus negative patients. The similar was identified in our study. Table 5 gives a comparative analysis of the present study and other studies with respect to clinical and lab parameters. In our study, five cases showed equivocal PLA2R staining, i.e. with combined positivity in podocytes as well as along GBM. In such cases, further correlation with serum PLA2R antibodies will give true judgment of either a positive or negative result.
Conclusion
We have observed high sensitivity and specificity of PLA2R by IHC on renal biopsies for the diagnosis of iMN. [7] Svobodova et al. [16] Larsen et al. [14] Present study Hoxha et al. [7] Svobodova et al. [16] Larsen et al. [ 
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